In order to understand the mechanisms of Chemical Mechanical Planarization (CMP), an atomic force microscope (AFM) is used to characterize polished copper surfaces after a set of polishing experiments. Surface analysis using the AFM revealed detailed surface characteristics of CMP. It was found that removal mechanisms depend on the slurry chemistry, potential, per cent of oxidizer, and the applied load. This presentation discusses these findings.
INTRODUCTION
In spite of the fact that research in CMP has been conducted extensively, there are still needs for a better understanding of tribochemical and mechanical phenomena occurring at the interfaces between the pad and wafer in presence of the fluid slurry. [1] [2] [3] [4] Studies have proved that use of oxidizer helps the formation of an oxide film on copper surface. [4, 5] Removal of a soft oxide film enables better planarization. [6] Cu CMP studies in acidic and basic slurries were conducted in past. Use of impressed current during Cu CMP has also been reported. [7] [8] [9] Yet, the synergy of electrochemical, mechanical, and tribochemical interactions are important to be understood
EXPERIMENTAL PROCEDURE
An experimental investigation was conducted for Cu CMP in alumina containing slurries. Slurry composition was varied for pH and oxidizer -hydrogen peroxide. The copper potential was varied from anodic to cathodic side. Surface characterization using an AFM was conducted after CMP. The variables are listed in Table 1 The surface morphology and frictional response to AFM probes were studied that reveal insights of tribochemical mechanisms.
RESULTS AND DISCUSSIONS
AFM topography scans were used to find the surface roughness (Ra) values for the scanned areas. The observed Ra values were considered as an index for planarization quality after CMP.
When the data was analyzed with reference to the variation in process parameters, interesting results were depicted. At low pH of slurry and anodic potential conditions, as well as at high pH of slurry and anodic potential condition, planarization achieved was of high quality. Whereas with remaining combinations of variables under study, poor surface planarization was observed. Figure 1 shows the AFM topography scan for a pit on surface. The reasoning for better planarization can be seen as the synergy of the controlled oxidation and subsequent removal process of the oxide at the copper surface. In case of excessive mechanical wear or excessive corrosion action, surface planarization is poor.
